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Notice

This document is disseminated under the sponsorship of the U.S. Department of Transportation in the
interest of information exchange. The U.S. Government assumes no liability for the use of the
information contained in this document. This document does not constitute a standard, specification, or
regulation. It is guidance only and does not create any requirements other than those stipulated in
statute and regulation.

The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers'
names appear in this report only because they are considered essential to the objective of the
document.

Non-Binding Contents

The contents of this document do not have the force and effect of law and are not meant to bind the
public in any way. This document is intended only to provide clarity to the public regarding existing
requirements under the law or agency policies. While this document contains nonbinding technical
information, you must comply with the applicable statutes and regulations.

Quality Assurance Statement

The Federal Highway Administration (FHWA) provides high quality information to serve Government,
industry, and the public in a manner that promotes public understanding. Standards and policies are
used to ensure and maximize the quality, objectivity, utility, and integrity of its information. FHWA
periodically reviews quality issues and adjusts its programs and processes to ensure continuous quality
improvement.
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Transit provides mobility options to people of all backgrounds, reduces harmful emissions, and
supports equitable economic development. The physical safety of transit passengers while using
and accessing transit facilities is crucial to the success of a transit system. Every transit passenger
travels some distance by foot or mobility device, whether it is driving to a park-and-ride lot and
then walking or rolling to the transit station, or walking, rolling, or bicycling directly to the stop.
The roadways used to access transit facilities should be Complete Streets, which are safe and feel
safe for all roadway users. This can be achieved by planning, implementing, and evaluating
equitable streets and networks that prioritize safety, comfort, and connectivity to destinations
for all people who use the street network. This guide provides agencies with a thorough look at
pedestrian and bicyclist safety considerations in accessing and using transit

About this Guide

This guide builds on the 2008 Federal Highway Administration (FHWA) publication, Pedestrian Safety
Guide for Transit Agencies (Nabors et al., 2008). Since the guide’s publication in 2008, some aspects of
transit have stayed the same:

"Public transportation provides people with mobility and access to employment,
community resources, medical care, and recreational opportunities in communities
across America. It benefits those who choose to ride, as well as those who have no
other choice”.

-FHWA, 2002, p. 14-2

Other aspects of using and accessing transit—including the types of modal choices available at our
fingertips —have changed drastically. This guide is intended to not only reflect those changes, but also
address the safety of a variety of vulnerable road users, such as pedestrians, bicyclists, and
micromobility users, who are similarly susceptible to severe injury or fatality if involved in a crash.
Additionally, there are some transit riders who have unique needs and are more likely to use transit. For
example, across all ethnicities, women have both a lower access to private motorized vehicles and lower
driver’s license attainment than men. Communities of color represent the majority of transit riders

(60 percent) and also tend to have longer distances to travel to their places of work (American Public
Transportation Association, 2017). Additionally, individuals with disabilities have lower vehicle
ownership rates than those without disabilities and are more likely to use transit for their mobility needs
(Bureau of Transportation Statistics, 2018). Agencies should implement elements of Complete Streets,
which consider the needs of all users when thinking about how to improve safe access to transit. This
guide contains specific considerations about how agencies can help to make sure that all people: 1) are
considered, 2) feel safe and welcomed accessing these facilities, and 3) can have the confidence that
these spaces were planned and designed with them in mind.

Who is this Guide for?

This guide is intended for transit agencies, State and local roadway owners, and regional organizations
involved with planning and designing transit stops and the roadway, pedestrian, and bicycle facilities
that provide access to transit.
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What Does it Contain?

The guide contains wide ranging topics related to pedestrian and bicyclist safety and access to transit
and is organized as follows:

e Chapter 1 provides an introduction and overview of the guide.

e Chapter 2 discusses the fundamentals of pedestrian and bicyclist safety as related to access to
transit, including the various types of passengers and how they access transit facilities. The
chapter also describes crash contributing factors for pedestrians and bicyclists accessing transit.

e Chapter 3 contains information on the various tools that analysts can use to identify issues
related to pedestrian and bicyclist safety and access to transit, including potential data sources
and how to analyze data.

e Chapter 4 outlines ways to enhance pedestrian and bicyclist safety, ranging from internal
actions, such as organizational improvements and training programs, to partnerships with public
and private entities.

e Chapter 5 focuses on design and operational measures to improve pedestrian and bicyclist
safety. The chapter is broken up into two groupings: 1) factors affecting the route to access
transit and 2) factors affecting pedestrian and bicyclist safety at the transit stop. The section on
accessing transit includes bicyclist and pedestrian facilities and special considerations such as
light rail crossings. The transit stop/station design section analyzes how certain types of station
placements and designs can impact access to the stop along with pedestrian and bicyclist safety.

e Chapter 6 discusses steps to overcome barriers to accessibility, including how to change driver
behavior near transit stops and how to design facilities in a constrained right-of-way.

How to Use this Guide

This guide provides a comprehensive understanding of how to address pedestrian and bicyclist safety
concerns related to accessing transit. Throughout the guide, the core principles for pedestrian and
bicyclist safe access to transit (as shown on the following page) are explored. Certain sections, such as
The Fundamentals and Tools for Identifying Pedestrian and Bicyclist Safety Issues, provide a
foundational understanding of pedestrian and bicyclist safety and are applicable to all readers. Other
sections, such as the Approaches to Enhancing Pedestrian and Bicyclist Safety in chapter 4, and Design
and Operational Measures in chapter 5, maybe more applicable to specific roles or agencies. For
example, within chapter 5, the Transit Access section is likely more applicable to roadway owners and
the Transit Stop/Station section may be more applicable to transit agencies.

Introduction 3
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The core principles for pedestrian and bicyclist safe access to transit are:

The physical safety of transit passengers while using and accessing transit
facilities is crucial to the success of the transit system. Every transit passenger
travels some distance, whether it is driving and then walking or rolling from a park-
and-ride lot, or walking, rolling, or cycling a longer distance to the transit stop.

Transit use can decrease an area’s overall motor vehicle crashes by decreasing
single occupancy vehicle trips. Roadway owners can provide pedestrians and
bicyclists comfortable access to transit to encourage transit use.

Transit stops are pedestrian and bicyclist generators and deserve special
attention to reduce the risk of nonmotorized crashes.

Pedestrian and bicycling routes to access transit should reflect a connected
network of roadway, sidewalk, and bicyclist facilities. Considerations for the
network include:

> Directness. The pedestrian and bicyclist network should be direct between key
destinations, but also appropriate for characteristics of the surrounding
conditions. An agency should understand pedestrian and bicyclist “desire lines”,
or their preferred route, and seek to accommodate pedestrians and bicyclists in
these locations.

> Continuity and connectivity. The pedestrian and bicyclist network should not
have gaps or abrupt changes besides the beginning and end terminals of a
facility.

> Comfort. The perceived risk and level of comfort may influence a pedestrian’s or
bicyclist's behavior. Factors affecting comfort levels can include degree of
separation from vehicular traffic, lighting, roadway condition, and, for bicyclist's,
confidence in ability. Where possible, agencies should provide pedestrians and
bicyclists with increased separation from motor vehicles. Additionally,
pedestrians, particularly disabled pedestrians, may not feel as comfortable
waiting, boarding, and alighting a transit vehicle if they are sharing that space
with bicyclists or micromobility users. Methods to alert and slow bicyclists and
micromobility users include pavement markings and signage to designate how
the space should be used.

Transit stops can enhance safety of riders but should be usable and welcoming
to everyone. Transit stop amenities are more than just features to enhance the
comfort of transit riders. They can help to improve pedestrian and bicyclist safety by
enhancing both conspicuity and visibility of passengers, and also drivers’ awareness
of potential increases in pedestrian and bicyclist activity. The provision and design of
amenities can also help to improve the organization and flow of people around the
transit stop. For instance, the provision and design of bicycle and scooter racks,
lockers, and parking can impact the safety and accessibility of the transit stops and
routes to the stops.
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landscaping elements were used in a mode choice model. The station in the case study had 340
available parking spaces daily yet found that improved sidewalk amenities and pedestrian friendly traffic
conditions increased the chance of people choosing to walk to transit.

An individual transit passenger’'s mobility can also influence their effective distance to transit. Those
individuals with slower walking speeds, such as seniors, those with mobility devices, and caregivers with
strollers or wheelchairs, may be discouraged from accessing transit if they have to travel farther
distances or when those facilities are space constrained and designed for faster pedestrians.
Additionally, riders with disabilities may not be able to access fixed route transit stops if there are
sidewalk gaps or if pedestrian facilities—such as sidewalks and traffic signals—are not accessible.
Transit agencies and roadway owners should analyze and evaluate their pedestrian and bicyclist
networks and strive for them to be Complete Streets that are accessible, comfortable, and connected
access to transit for users of all abilities.

Finally, rural and suburban land uses can present their own challenges in accessing transit. In rural areas,
there may be limited sidewalk and bicyclist networks to reach transit, and many riders may live beyond
a 2-mile distance to a fixed route stop. Passengers may be forced to walk along roadways or on
shoulders, increasing their crash risk. Paratransit and on-demand transit services may help overcome
access and lack of pedestrian and bicyclist facilities in rural areas. However, these on-demand transit
services have unpredictable demand with regards to both pick-up and drop-off locations and the
timing of requests. This presents additional challenges with how and where to design facility
improvements given that system users can request a ride to/from any location within the network.
Given this uncertainty, it is impractical to maintain pedestrian and bicyclist facilities within the entire on-
demand transit operating zone, meaning that some pedestrians and bicyclists may have routes to or
from their pick-up/drop-off location that could be missing sidewalks, marked crosswalks, bicyclist
facilities, or pedestrian signals.

Even in denser suburban land uses, curvilinear and disconnected street networks and sidewalk gaps can
increase the walking and bicycling distance to transit. Also, pedestrians and bicyclists may cross arterial
roadways with high traffic volumes and speeds to access transit in suburban environments, which can
increase crash risk and discomfort. Chapter 3 describes how transit agencies can evaluate bicyclist and
pedestrian access to stations and stops.

Background 10
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Table 1.

Transit User Group

General

Bicyclists

Pedestrians

Background

Considerations for pedestrians and bicyclists accessing transit.

Considerations

o Need safe, accessible, and connected pedestrian and bicyclist facilities that are
connected to the transit facility.

o Generally prefer to use the most direct route to and from the transit facility.

e May feel unsafe travelling to/from, or waiting at, transit stops (especially at
night or in isolated locations)(Whitfield et al., 2018; Lubitow et al., 2019).

e May not understand traffic flow or travel patterns.

e May have difficulty with orientation and understanding traffic signs.

e May have difficulty judging speed of approaching vehicles.

e May be more affected by surface irregularities in the pavement and changes in
slope or grade.

¢ Children may have difficulty seeing (and being seen by) drivers of all types of
vehicles, including buses because of decreased detection of threats within their
peripheral vision (David et al., 1986) and shorter stature than adults.

e Need safe and connected bicyclist facilities within the bikeshed leading to the
transit facility.

e May have a child or additional luggage on the bicycle, which can make the
bicycle heavier and more cumbersome to handle. This can impact the ability to
stop quickly, make sharp turns, or load into bicycle parking or a transit vehicle.

e May need more space or time when boarding transit to load their bicycle on
the transit vehicle (such as loading onto a train or securing it to the front of the
bus).

e Certain styles and types of bicycles—such as electric bicycles or cargo
bicycles—may not fit onto transit vehicles or could be difficult to load due to
the weight of the bicycle.

e Some riders may not be physically capable of lifting the bicycle onto transit
vehicle racks.

o Adequate and secure storage areas for bicycles are needed at the transit
facility if the traveler is not continuing by bicycle for the remainder of their trip,
if the transit vehicle does not have space for their bicycle, or if the transit
agency has policies against bringing the bicycle onto transit.

e Need accessible and connected pedestrian facilities within the walkshed
leading to the transit facility.

e May have a child (possibly with a stroller) or luggage (such as a suitcase or
grocery cart) and need more space to maneuver and store/secure items.

e May have difficulty deciding where and when it is safe to cross the street.

e May need more time to cross a street due to walking speed.

e May have reduced vision and hearing acuity that affect their awareness of
oncoming traffic or transit.

e May need pedestrian signal information provided in multiple formats (audible,
tactile, and visual).

e May need accommodations at transit stops, such as additional seating or lean
bars.

12
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motorized vehicles—particularly on higher speed, higher volume, multilane roadways. Connected
bicyclist infrastructure provides a more comfortable and safer method for bicyclists to reach transit
facilities.

Pedestrians and bicyclists who are at risk of missing their transit connection may act in ways that
increase their chances of being involved in a crash. These may include:

e Running or bicycling faster to catch transit.

e Crossing against signals or at locations that do not have marked crossing facilities or safety
enhancements.

e Bicycling on roads where they feel less comfortable (due to the number of lanes and speed or
volume of vehicles).

e Walking or bicycling between stopped or parked vehicles, including buses.
e Stepping into the street to pass other transit riders that are waiting at a transit stop.

The safety treatments listed in chapter 5 can help reduce pedestrian and bicyclist crash risk when
accessing, waiting for, and using transit services.

Crash Factors for Pedestrians and Bicyclists
Accessing Transit

While investigating crashes—in this context transit-related crashes involving pedestrians or bicyclists, or
crashes involving pedestrians and bicyclists who are traveling to or from transit—patterns and trends in
the data can help agencies better understand crash risk and determine associated crash factors. In
addition to crash statistics, agencies can evaluate other data, such as transit logistics or traffic volume,
to assess the risk for pedestrians and bicyclists accessing transit.

In 2019, pedestrian crashes accounted for 17 percent of all

traffic fatalities, but only 3 percent of the total number of Transit stops are traffic
people injured, thus emphasizing the more severe outcome genemtors—particulurlyfor
of crashes involving pedestrians (National Center for
Statistics and Analysis, 2020). With 82 percent of pedestrian
and 78 percent of bicyclist fatalities occurring in urban These locations deserve special
settings (NHTSA, 2019), and given that transit ridership is attention to reduce the

highest in urban areas, urban agencies should pay particular
attention to the safety of pedestrians and bicyclists traveling )
to and from transit facilities. risk.

pedestrians and bicyclists.

pedestrian and bicyclist crash

Transit service by its nature operates in a multimodal

environment that presents crash risks for pedestrians and bicyclists. Analyses of pedestrian crashes in
Seattle, Los Angeles, Toronto, and Charlotte have shown that pedestrian crossings near transit stops
have higher crash risks (Craig et al., 2019). Similarly, the National Cooperative Highway Research
Program (NCHRP) 893 Systemic Pedestrian Safety Analysis found that the presence of transit stops and
the number of stops along a roadway segment are both associated with elevated pedestrian crash risk

Background 14
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intersection was a significant variable for both pedestrian and bicyclist crash occurrence models. Other
State departments of transportation (DOTSs) can replicate the analysis process to find those risk factors
applicable to their roadway networks.

The use of crash types to organize and analyze pedestrian and bicyclist crashes can support a transit
agency's response to safety issues through identification of precrash actions and potential
countermeasures. The Pedestrian and Bicycle Crash Analysis Tool (PBCAT) provides a pedestrian and
bicycle crash typing tool with definitions for both pedestrian and bicyclist crashes (Thomas et al., 2021).
The tool provides the following optional, special circumstances screening questions related to transit:

e Was the non-motorist struck crossing in front of a transit bus stopped at a marked bus stop?

e Was the non-motorist struck while going to, from, or waiting at a transit bus stop, regardless of
the circumstances?

e Was the non-motorist struck by a transit bus pulling into or away from the curb or loading area?

While there are no specific crash types for transit within PBCAT, most—if not all—of the pedestrian and
bicyclist crash types are relevant to understanding crashes for people traveling to and from transit.
Chapter 5 includes operational and design improvements to reduce bicyclist and pedestrian crashes
near transit stops.

Background 16
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To improve pedestrian and bicyclist safety, agencies should first understand what safety issues
are present and where best to focus their time and effort. This chapter includes a variety of tools
for identifying pedestrian and bicyclist safety issues as related to both access to transit and also
more broadly. The tools include some that involve the public, such as direct feedback and transit
stop assessments, while others rely on professionals and data analysis, such Road Safety Audits
(RSAs) and transit stop balancing. The chapter also provides an overview of pedestrian and
bicyclist data analysis and potential sources of data.

Direct Feedback

There are mechanisms for gathering direct feedback from transit users and providers, including
conducting surveys, questionnaires, and listening sessions. Agencies may find it useful to gather
feedback from unique user groups, such as the disability community, schools, older adults, or other
users. Transit agencies typically host advisory committees—possibly with an accessibility focus and
comprised of persons with disabilities and seniors, or with more general rider advisory committees.
Advisory committees can serve a range of purposes, from facilitating regular communication between
the disability community and a transit agency to providing input for a specific activity, such as the
design of one transit stop (Easter Seals Project Action, 2012).

Another way of gathering information is crowd sourcing locations and issues using clickable maps.
This information can help to visualize and catalog safety issues, such as near miss locations. Pedestrian
and bicyclist crashes are oftentimes underreported, so crowd sourcing additional information can
complement crash data analysis. In the Washington, DC area, the Washington Area Bike Association
(WABA) created a web-based reporting form for those involved in a bicyclist crash, witnessed a bicyclist
crash, or experienced a near miss incident. Because the data includes accounts from witnessed events
and near misses, the data can provide more insight into areas of risk than relying solely on emergency
responder reported injury and fatality crash data. However, as crowdsource data is self-reported, data
quality is compromised as the reports lack a unified format and standard (Mardan and Zhu, 2019).

Internally, agency staff can provide direct feedback through operator safety assessment reviews.
Transit agencies invest in both initial and refresher safety training for their operators, and their feedback
can be invaluable in identifying safety concerns and risks. When there is an incident, transit agencies
investigate the incident, attempt to determine the root cause, and record their findings for future trend
analysis. These trend analyses can lead to actions to prevent future incidents, ranging from targeted
training to modifications in transit routes, stops and facilities, and equipment.

Transit Stop Assessment Tools

This section provides tools to evaluate the safety and accessibility of transit stops for pedestrians and
bicyclists. The tools include transit stop checklists, RSAs, pedestrian and bicyclist catchment area facility
inventories, and transit stop balancing.

While the chapter presents tools for transit agencies to use, agency partners such as local, regional, and
State agencies; public interest and community groups; university researchers; and nonprofit
organizations may also benefit from the tools.

Tools for Identifying Pedestrian and Bicyclist Safety Issues 18
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Observing Pedestrian and Bicyclist Behavior

Transit agencies can gather useful information about pedestrian and bicyclist access to transit by
observing pedestrian and bicyclist behavior near stops and stations. For pedestrians, observers can note
activity, such as pedestrians:

e Using recreational trails or informal pathways or walking in the roadway where sidewalks do not
exist.

e Waiting too close or too far from the roadway due to inadequate bus stop placement.
e Crossing roadways at unmarked, midblock locations or at unmarked crosswalks at intersections.
e Running across roadways to catch the bus.

e Stepping out into the street to be seen by transit operators, or boarding and alighting in the
roadway, due to obstructions such as queued or parked vehicles.

e Competing for seating or shelter space at a bus stop.

e Experiencing crowding conditions due to high passenger demand with queues limiting space to
maneuver on the sidewalk.

From a bicyclist perspective, observers should note activity, such as:
e Bicycles locked on trees, lampposts, or handrails alluding to lack of bicycle storage options.

e Bicyclist-bus leapfrogging (i.e., passing each other multiple times) when traveling in the same
direction.

e Bicyclist path obstruction because of bus boarding and alighting.
e Bicyclist conflicts or near misses with transit passengers boarding and alighting.

e Bicyclists swerving to avoid obstacles (e.g., debris, cracks, and potholes) in the roadway or at the
transit stop.

For drivers, observers can note activity, such as:
e Speeding.
e Making sudden movements to pass or turn in front of a bus.
e Not yielding to crossing pedestrians or bicyclists.

Transit agencies can use the results of these observations to improve transit stop locations, transit stop
and roadway design, or service schedules. They can also provide information to schools and other
organizations to develop targeted education messages, confer with local police on ideas for targeted
enforcement of driver and pedestrian behaviors, and coordinate with local transportation engineers on
improvements to crosswalks, sidewalks, bicyclist facilities, roadway striping, and signage.

Agencies can also use observations of pedestrian and bicyclist behavior to highlight the importance of
Complete Street improvements and convey the experience of accessing the local transit system to
transit agency staff, governmental agency staff, developers, and politicians.

Tools for Identifying Pedestrian and Bicyclist Safety Issues 25
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The Minneapolis-St Paul Area Metro Council Bicycle and
Pedestrian Connections to Transit Infrastructure Study

The Minneapolis-St Paul Area Metro Council Bicycle and Pedestrian Connections to Transit
Infrastructure Study (Metropolitan Transit, 2009) was tasked with identifying infrastructure
improvements for connections for walking and bicycling to transit. As part of this study, the Council
developed a toolkit of improvements in three categories, including legal access (ADA curb access for
transit and pedestrian curb cuts and ramps), safety (bicycle lanes, crosswalks, pedestrian hybrid
beacons, median refuge islands, sidewalks, lighting, etc.), and facilities (benches, bicycle lockers,
shelters, etc.).

Essential Considerations

Because public transportation provides open door service to all who wish to travel, agencies should
anticipate a wide range of users who access transit service and take advantage of connections to
pedestrian and bicyclist facilities. Many of these relate to the types of origins and destinations served by
the immediate transit route, but planners and designers should keep in mind that transit systems
function as networks, so different passenger markets and needs can be served anywhere on these
systems.

Since some transit users are dependent on transit for the majority of their trips, including for basic
products and services such as groceries and medical care, agencies should consider the barriers that
can impede these trips. For example, the Safe Routes to School National Partnership identified the
following barriers for people using transit to access grocery shopping (Safe Routes to School National
Partnership, 2017):

e Transit routes may not directly connect grocery and market locations with those where people
live and work.

e Transit schedules may not serve individual shopping schedules.

e Transfers and total travel time may cause passengers to worry about making it home in time to
store perishable food items.

In this example, people may choose to take the most direct route to and from the market and transit
stop due to the heavy load they are carrying or because of the perishable items. This may result in
unexpected crossings, walking in the roadway, and other risky behaviors by transit riders. Section 2.3.2
of the FTA ADA Circular notes that transit agencies are responsible for clearing obstructions that create
accessibility barriers in areas directly controlled by the transit agency’s organization. An example of this
is removing snow at bus stops over which the transit agency has direct control. For the area
surrounding the transit stop, the FTA encourages coordination with other public entities or private
property owners, as noted in the guide, Effective Snow Removal for Pathways and Transit Stops by the
National Aging and Disability Transportation Center (National Aging and Disability Transportation
Center, 2016).
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Other examples of potential obstructions include shared micromobility devices such as dockless
scooters and bicycles. Although micromobility users are provided guidance on where to leave the
devices when the trip is finished, they are sometimes parked in locations that block the sidewalk or
transit stop. The National Association of City Transportation Officials (NACTO) recommends that cities
require micromobility operators to keep the public right-of-way clear by removing any devices
obstructing walkways within a designated timeframe (NACTO, 2019). Edmond, Oklahoma, has only one
micromobility operator, but provides the operator’'s phone number and email for public contact to
request the removal of any device inappropriately located (City of Edmond, n.d.).

Inaccessibility of a bus stop and surrounding pedestrian environment can impact demand for ADA
complementary paratransit for a rider who could otherwise use the fixed route service. It is often more
cost effective to make and keep the bus stop and sidewalk accessible than to provide ADA paratransit
on an ongoing basis. Incorporating elements of a Complete Street, including accessibility
improvements, also improves mobility for many other riders, including those who are pushing strollers,
pulling wheeled luggage, etc.

Safety Data Analysis

There are many ways that data analysis can help to better understand and quantify bicyclist and
pedestrian safety with respect to transit access. For example, the discussion on Estimating First/Last Mile
Access earlier in chapter 3 discussed how agencies can use data to improve access. Similarly, agencies
can incorporate many data sources into their analysis to identify and mitigate specific risk factors—such
as the previously mentioned observational data in Observing Pedestrian and Bicyclist Behavior in
chapter 3.

Traditional safety data focuses on crash data, roadway data, and traffic volume data. These data can
help to identify infrastructure and exposure factors that increase the risk of pedestrian and bicyclist
crashes. Beyond these traditional datasets, agencies may want to use other data to understand the
needs of pedestrians and bicyclists accessing transit. Examples include pedestrian catchment area
facility inventories discussed earlier in chapter 3, crowdsourced data, survey findings, and observational
data. While some data sources are readily available—such as socioeconomic data from the census and
transit ridership—others are oftentimes lacking. For example, pedestrian and bicyclist volume data may
be sporadically collected and not cover the entire network. Because of that, pedestrian and bicyclist
crash exposure and demand are not easily quantifiable. Similarly, there are not typically readily available
geocoded data layers for common origins and destinations, such as schools, hospitals, and cultural
centers.

This section focuses on pedestrian and bicyclist crash data analysis, the use of health outcome data, and
other new transit specific data sources.
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Pedestrian and Bicyclist Crash Data Analysis

There are two basic approaches to identifying and treating locations to help reduce future crashes and
injuries:

1. The high-crash location approach. These locations may also be referred to as “crash clusters” or
"hot spots”. This approach is reactive and assumes that crashes will continue to occur in the
same locations as they have historically.

2. The systemic, or risk-based, approach. This approach identifies locations with elevated crash
risks. As severe and fatal crashes can be random in nature, this approach proactively identifies
high-risk locations so that they can be treated before a crash occurs.

Regardless of the method chosen, agencies may find that crash analysis for pedestrians and bicyclists is
challenging. The following are some of the challenges that agencies may encounter:

> Pedestrians and bicyclists are much more likely to be killed or seriously injured in crashes
involving motor vehicles than vehicle occupants or drivers. However, as a proportion of total
crashes, pedestrian and bicyclist crashes can be relatively rare. This means that across an entire
network, the fatality and serious injury risk for pedestrians and bicyclists may be relatively high,
but it may be challenging to identify specific high-crash locations. The potential lack of high-
crash locations could support a systemic or risk-based approach for the analysis.

> The types of data needed for robust pedestrian and bicyclist safety analysis are often incomplete
or unavailable. Specifically, many agencies may not have robust infrastructure inventories (e.g.,
sidewalk presence and quality, locations for marked crosswalks, etc.) and may lack
comprehensive pedestrian and bicyclist counts (or exposure data). Similarly, the level of detail
available for pedestrian and bicyclist crashes, compared to motor vehicles, is often lacking. For
example, in a crash involving two motorized vehicles, a crash type might be recorded as an
“angle crash” and within the attributes, it is noted that one driver was traveling straight and the
other was making a right-turn. For a similar crash between a bicyclist and a motorized vehicle,
the crash may be categorized as a "bicycle crash” with the attributes as “failure to yield". Only
upon reading the full crash narrative may the exact movements be understood.

To overcome these challenges, analysts can rely on surrogate measures to help understand typical
characteristics of roadways, such as posted speed limit and number of lanes, or the use of
socioeconomic data, such as vehicle ownership, to help identify areas with more walking, bicycling, and
transit usage. With this analysis, transit agencies and roadway owners can work together to develop
informed plans that will reduce the risk of crashes by improving pedestrian and bicyclist facilities and
connections to transit.
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Figure 14. Graphic. Percent of total pedestrian fatalities and population by race, 2015-2019
(Retting, 2021).

Emerging Data Sources

Emerging sources of data are constantly evolving. This section highlights some potential emerging data
sources for transit planning and crash analysis.

Collision Avoidance Warning System

Collision avoidance warning system is an emerging technology that agencies can use on transit vehicles
that are designed to detect and prevent potential collisions before the event occurs. Specially, through
a set of camera detectors installed on the bus, these systems provide coverage of blind zones where
vulnerable road users may be hidden from the driver’s view and alerts drivers to avoid potential
collisions. Several transit agencies in Washington State have piloted these technologies on revenue
service and found during the pilot that no equipped buses were involved in any collisions with bicyclists
or pedestrians. It should be noted that because these collision events are rare, further tracking of these
technologies is needed. A powerful biproduct of these technologies is that they integrate with
Automatic vehicle location (AVL) systems to provide the exact location for where crashes and near-
misses occurred, providing planners with a rich dataset to understand the most conflict prone areas
along a bus route (Kern, 2017; Lutin et al., 2017; NHTSA, n.d.; Samsara, 2021).

System Ridership Data

With potentially hundreds or even thousands of transit stops maintained by a single transit agency, it
may be difficult to know where an agency should focus resources and energies to improve the
pedestrian and bicyclist experience. Fortunately, ridership data generated using automated passenger
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counters (APCs) or electronic registering fareboxes (ERFs) can be applied to prioritize and focus
resources. An APC is an electronic device that records boarding and alighting data on a transit vehicle.
Similarly, ERF systems are electronic devices that automatically generate payment records when the fare
is paid. ERF data is often considered to be more accurate but, unlike APC data, ERFs typically do not
provide information on where passengers might alight a vehicle. Many APC systems also indicate where
transit vehicle ramps deploy to help understand transportation needs related to access, or where
bicyclists board (Florida DOT, 2019).

Transit Vehicle Location Data

With the growth of smartphones, transit planners have more data at their fingertips than have ever
been available before. Many transit vehicles are equipped with AVL technology, which interacts with the
Global Positioning System satellites to accurately track vehicle location in real-time. Not only can transit
riders use AVL data (through transit websites and phone applications) to plan their trips by noting
arrival times and where vehicles are in the network, this data can also be translated into urban analytics,
providing insight on travel patterns and modal choice on the street level with a few clicks of a mouse.
Agencies can leverage AVL data to understand key pedestrian and bicyclist corridors along a transit
network and strategize where agencies should focus their inter-modal conflict management and
treatment (Streetlight Data, n.d.).

Tools for Crash Investigations

Due to evolution in technology, particularly related to video, transit agencies can leverage onboard
camera recordings and event data recorders to review and reconstruct crashes after they occur and
subsequently inform potential roadway and operations design improvements (Axiomtek, 2014). Event
data recorders are devices that can capture (U.S. DOT, 2019):

e Vehicle speed.

e Whether the brake was activated in the moments before a crash.

e Crash forces at the moment of impact.

e Information about the state of the engine throttle.

e Air bag deployment timing and air bag readiness prior to the crash.
e Whether the vehicle occupant’s seat belt was buckled.

Inward and outward facing cameras can help to improve operational safety, control and reduce risk, and
strengthen crash investigations (APTA, 2019). FTA suggests that all regional transit authorities (RTAs)
implement these cameras on rail transit vehicles (FTA, 2020a).

None of these technologies are mandatory but can be extremely beneficial for agencies in cases of
disputed crashes and improving overall driver safety—potentially reducing behaviors such as distracted
driving—and improving an overall understanding of crashes.

Over the years, devices have improved to be more rugged: successfully handling continuous vibrations
and all-weather conditions. Camera technology have also improved in pixel size and resolution offering
better, more detailed video. Agencies can directly integrate video recordings in a cloud-based
environment, making expensive information technology (IT) equipment unnecessary. Faster internet
speeds and fiberoptics speeds as well as optimized data formats allow for quicker transfer speeds,
making this information more accessible than ever.
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Transit agencies and roadway owners both play critical roles in improving the safety of
pedestrians and bicyclists. Beyond conducting analyses and designing transit stops to support
safer pedestrian and bicyclist access, transit agencies can take internal actions to create
awareness about safety. Transit agencies and roadway owners can also partner with
organizations to improve safety conditions for passengers. The following section, Internal
Actions, discusses strategies transit agencies can implement independently, and with community
partners, to foster safer conditions for pedestrians and bicyclists.

Internal Actions

Transit agencies have the authority to independently implement pedestrian and bicyclist safety
initiatives, such as organizational improvements and modifying services and facilities. Even with limited
resources, transit agencies can take steps to improve pedestrian and bicyclist safety and access.

Transit agencies each take different approaches to creating a culture of safety. While methods vary, a
key theme across many transit agencies is to establish accountability at all levels of the agency so that
members contribute to a safety mindset (Staes et al., 2017). Another common theme is to apply
multiple mitigation measures to promote safety. In a survey of transit agencies, most reported that they
generally take a holistic approach to safety management by developing comprehensive safety
programs with multiple strategies for addressing safety; they did not rely on a single measure alone to
prevent safety risks (Staes et al.,, 2017). One key component to a comprehensive safety program is to
foster a strong internal culture of safety. Critical elements of a strong safety culture include the
following:

1. Leadership is clearly committed to safety.

Open and effective communication exists across the organization.
Employees feel personally responsible for safety.

The organization practices continuous learning.

The work environment is safety conscious.

Reporting systems are clearly defined and not used to punish employees.
Decisions demonstrate that safety is prioritized over competing demands.

Employees and the organization work to foster mutual trust.

© © N o v A W N

The organization responds to safety concerns fairly and consistently.
10. Safety efforts are supported by training and resources.

These ideas are explored further within the realms of organizational improvements, transit operator
training programs, internal agency documentation and policies, transit services and facilities, and transit
vehicle safety features.
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Transit Agency Organizational Improvements

Transit agencies can make organizational changes that have long-term positive effects on pedestrian
and bicyclist safety and convenience. Some potential actions include the following:

e Work with agency leadership to send a strong and public message about the importance of
safety, particularly that of reducing crash risks.

e Review and update policies to make sure that they provide adequate support for improving
accessibility, safety, and reducing crash risks.

e Look for opportunities to formalize the relationship with partner agencies to share data, identify
safety issues, and implement improvements.

e Establish a bus stop coordinator position within the agency to work with local and State
transportation departments and the public to review transit agency policies and operations. The
coordinator should work with transit agency staff on route planning, scheduling, transit stop
facilities, and coordination with other organizations.

e Work with the bus stop coordinator or other staff person to make them aware of construction
activities planned for bus stops or areas surrounding the transit facility. The coordinator can
work with roadway agencies and their contractors to assure that the agency provides adequate,
accessible alternative routes for pedestrians and bicyclists during construction periods.

e Work with agency staff to elevate the awareness of transportation safety issues—particularly
those actions or situations that have a higher risk for fatal or severe injury crashes—in their day-
to-day responsibilities.

e Provide periodic training on pedestrian and bicyclist safety to agency staff, consultants, and
operators to improve the quality of transit service and the safety record of bus and train
operators.

e Provide transit agency representation on metropolitan and regional planning organization
decision-making boards and committees.

Transit Operator Training Programs

Transit operator training programs have helped transit agencies reinforce stated safety metrics and
foster a culture of safety among staff. These can include:

e Offering annual or ongoing refresher safety training, in addition to new bus operator training
and remedial training. The refresher trainings commonly address safety policies and procedures,
defensive driving, and distracted driving. The training can also include information specific to
pedestrian and bicyclist crash risks and roadway designs they might encounter in their operating
area. Refresher trainings may also reduce driver complacency, which is a hazard.

e Providing training through a variety of mediums to support different learning styles. Many
transit agencies deliver training through computer-based/online training, video training,
simulation training, and instructor-led sessions (Staes et al., 2014).

Approaches to Enhancing Pedestrian and Bicyclist Safety 36









S  C—" U | U |

e Conduct pedestrian safety audits at transit stops
and surrounding areas on a regular basis
(examples provided in chapter 3). Plans

Transit Asset Management

e Develop or update TOD guidelines to ensure
accessible pedestrian facility design, including
sidewalks, pedestrian crossing facilities, and
warning and wayfinding signs. Frequently, transit
agencies will partner with local governments who
are responsible for administering land use laws
and regulations. FTA's Pilot Program for TOD
Planning provides examples of ways to develop
TOD guidelines (FTA, n.d.a).

“Every agency must develop a TAM plan if
it owns, operates, or manages capital assets
used to provide public transportation and
receives federal financial assistance under
49 U.S.C. Chapter 53 as a recipient or
subrecipient. Each transit provider must
designate an Accountable Executive (49
CFR 625.5) to ensure appropriate resources
for implementing the agency's TAM plan

e Establish agency performance metrics around and the Transit Agency Safety Plan.
edestrian and bicyclist safety and accessibility.
P / 4 / Each TAM plan should:

This should use some form of evaluating

multimodal analysis to account for pedestrian, e OQOutline how people, processes, and
bicyclist, and transit rider impacts beyond traffic tools come together to address
effects. For new developments, require developers asset management policy and goals.

to complete a selected form of multimodal
analysis rather than relying on a traditional traffic
impact analysis. Transit agencies are also required
to report safety incidents, including where transit
vehicles have struck a person or another vehicle
(FTA, 2021). e Support planning, budgeting, and
communications to internal and
external stakeholders.”

e Provide accountability and visibility
for furthering understanding of
leveraging asset management
practices.

e Consider incorporating incentive and reward
programs as an additional tool to improve safety.
Incentive programs should be used in conjunction - FTA website on transit asset
with an existing safety management program and management plans (FTA, n.d.b).
are especially effective with management support
(Staes et al., 2017). According to the National
Safety Council, incentives can motivate and engage employees through positive and proactive
reinforcement, rather than penalizing employees after a mistake is made (Rojas, 2018). This is
especially important as transit operators typically maneuver large vehicles and if they were in a
crash with a pedestrian or bicyclist, if could lead to a severe or fatal injury.

e Encourage transit operators to reach out about potential crash issues—whether it has to do with
transit routing and vehicles or roadway user behavior, design, or operations.

e Develop a Complete Streets policy or guidance document that features information on how to
plan, design, and implement a Complete Street. The document may include, but is not limited
to, elements such as design guidance, prioritization methods, equity considerations,
implementation procedures, and evaluation strategies.
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Transit Services and Facilities

While transit agencies are reliant on State and local roadway owners to make changes to the roadway
network, transit agencies can typically modify their services and facilities with just an agreement from
the roadway owner. However, some transit agencies may require a permit from the roadway owner for
the installation of any improvements. Alternatively, sometimes the improvements fall within the transit
agency's property or an easement with a private property owner. These types of changes have the
potential to improve pedestrian and bicyclist safety and access.

Service improvements may include:

e Changing bus routes and stop locations to reduce walking and cycling distances or facilitate
transfer.

e Improving coordination between bus and rail schedules to allow for easier transfers and shorter
waiting time.

Facility modifications may include:

¢ Moving bus stops to shorten walking distances, reduce street crossings, or improve safety at
street crossings for pedestrians accessing transit at each stop.

e Improving signage, seating, shelter, or lighting at bus stops.
e Increasing maintenance frequency and thoroughness.

Transit agencies can make several modifications to their services and facilities that can improve safe
pedestrian and bicyclist access. These include locating bus stops convenient to signalized crosswalks,
establishing off-street transfer centers, and positioning transit amenities such as shelters to ensure clear
sightlines for oncoming motorists.

Transit agencies also provide guidance to local governments and developers on how to enhance
pedestrian and bicyclist access to transit, as well as how to incorporate transit within developments to
shorten walk distances. Examples of recently updated transit agency design manuals and guidebooks
include:

e Capital Metropolitan Area Transit Authority (2020).
e Maryland Transit Administration (2019).

e Monterey Salinas Transit (2020).

e San Diego Metropolitan Transit System (2018).

In some cases, transit agencies establish partnerships to implement their guidelines, such as the
Chicago Area Regional Transportation Authority’s Access to Transit program (see case study for more
information).

Refer to chapter 5 for additional detail on specific engineering modifications for transit facilities.
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As transit operators themselves do not own the roadways, partnerships with local municipalities or
regional agencies are necessary to prioritize space for transit vehicles (Transit Center, 2018a).
Furthermore, changes in land-use over time can generate the need for more transit in particular areas.
The reintroduction of TOD in many areas involves coordination between transit agencies and local
planning agencies to ensure transit provides service to these developments. In rural and Tribal areas,
public transit is crucial for people to reach basic services like hospitals, post offices, or voting precincts
(Kaseko et al., 2014). Partnerships with local municipalities are also important for overcoming the “first-
mile/last-mile” challenge, as the two can work together to develop better bicyclist and pedestrian
infrastructure to connect with existing transit networks (Advocacy Advance, 2014).

MaineDOT Pedestrian Safety Campaigns and Coordination with
Transit Agencies

MaineDOT has been working with transit agencies around Maine to improve safety through its
Heads Up program. MaineDOT is using the program to address safety through:

e Education and behavior change - involving the media, providing information, hosting local
forums, and conducting outreach to specific groups.

e Engineering — improving pavement markings, traffic signals, and signage.
e Enforcement — both positive and punitive.

One aspect of the education component involved messaging on transit vehicles. MaineDOT met with
the transit agencies, who agreed to place the messaging on the buses if MaineDOT printed the
posters. As a result, transit vehicles throughout the State included messaging on pedestrian safety.

Figure 19. Photograph. Two examples of MaineDOT pedestrian safety posters on transit
vehicles (VHB, 2019).*

*These images are not publicly available. VHB provided permission and shared for the purposes of this project.

Approaches to Enhancing Pedestrian and Bicyclist Safety 45



